Intracranial headaches such as that of migraine are generally accepted to be mediated by prolonged activation of meningeal nociceptors but the mechanisms responsible for such nociceptor activation are poorly understood. In this study, we examined the hypothesis that meningeal nociceptors can be activated locally through a neuroimmune interaction with resident mast cells, granulated immune cells that densely populate the dura mater. Using in vivo electrophysiological single unit recording of meningeal nociceptors in the rat we observed that degranulation of dural mast cells using intraperitoneal administration of the basic secretagogue agent compound 48/80 (2 mg/kg) induced a prolonged state of excitation in meningeal nociceptors. Such activation was accompanied by increased expression of the phosphorylated form of the extracellular signal-regulated kinase (pERK), an anatomical marker for nociceptor activation. Mast cell-induced nociceptor interaction was also associated with downstream activation of the spinal trigeminal nucleus as indicated by an increase in c-fos expression. Our findings provide evidence linking dural mast cell degranulation to prolonged activation of the trigeminal pain pathway believed to underlie intracranial headaches such as that of migraine. Ó
Introduction
Migraine headache is one of the most common pain syndromes, affecting approximately 15% of the population (Lipton and Bigal, 2005) . Although mechanisms underlying the onset of a migraine attack are not completely understood, activation of pain fibers that innervate the dura mater (i.e., meningeal nociceptors) is believed to play a key role in promoting the intracranial pain of migraine (Strassman et al., 1996; Pietrobon and Striessnig, 2003; Waeber and Moskowitz, 2005) . While the dura mater is the one intracranial structure most heavily innervated by pain fibers, it is also densely populated by immune cells. Among those are resident mast cells (MC), granulated immune cells that play a critical role in inflammation. MC are found throughout the intracranial dura mater in both humans (Artico and Cavallotti, 2001 ) and rodents (Dimlich et al., 1991; Rozniecki et al., 1999; Strassman et al., 2004) where they reside near blood vessels and in close apposition to primary afferent nociceptive neurons (Dimlich et al., 1991; Rozniecki et al., 1999; Strassman et al., 2004) .
Experimental work in animals has shown that electrical stimulation of the trigeminal ganglion, leading to activation of meningeal nociceptors, promotes the release of the granule content (i.e., degranulation) of dural MC (Dimitriadou et al., 1991; Buzzi et al., 1992) . Such activation of meningeal nociceptors has been hypothesized to take place during migraine with aura in response to local Abbreviations: MC, mast cells; pERK, phosphorylated extracellular-related kinase; SCG, sodium cromoglycate; TNC, trigeminal nucleus caudalis.
